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O ccupatiOnal LBP is among the most common ailments, with between 50% and 80% of all people experiencing LBP in their lives. 5, 8 A number of environmental and constitutional risk factors such as weight, height, smoking status, and physical activity have been implicated in the occurrence of LBP. Since its etiology is multifactorial, identifying a single cause or even the principal cause is quite difficult. Recent research has indicated that genetic risk factors may be responsible for LBP and lumbar disc disease. 2 There has been much evidence showing that inflammatory factors may play an important role in the etiology of LBP. 1, 10, 15, 22 Increasing polymorphisms in gene encoding for these factors have been reported in lumbar disc diseases and LBP, and, in particular, the SNP of IL-1b may confer susceptibility to LBP. 11, 18, 20, 25 Caspase-9 is an initiator caspase protease for apoptosis, and recent studies have indicated that it plays a significant role in apoptosis in human intervertebral disc degeneration. 17, 19 Caspase-9 polymorphism has been reported to be associated with the susceptibility to discogenic LBP. 9 Growth differentiation factor 5, a member of the transforming growth factor-b superfamily, plays a key role in the morphogenesis and development of tendon, ligament, and bone. 7, 12, 14 Some studies have found that the SNP in GDF5 is associated with susceptibility to osteoarthritis, congenital dysplasia of the hip, and lumbar disc degeneration. 3, 24 Our previous study demonstrated an association between the GDF5 T allele and symptomatic lumbar disc herniation in the Chinese Han population. Object. Recent studies have suggested that genetic risk factors play an important role in the occurrence of low-back pain (LBP) and lumbar disc disease. The authors' study aimed to assess the association between 3 singlenucleotide polymorphisms (SNPs) and susceptibility to LBP related to military training.
Methods. In this case-control study, data from 892 Chinese male soldiers were retrospectively reviewed. The case group was made up of 305 soldiers with LBP related to military training and a control group of 587 soldiers without constant LBP for more than 2 weeks. Genomic DNA was extracted from peripheral blood leukocytes of all subjects and polymerase chain reaction products were genotyped.
Results. No association was found between the SNP of interleukin-1β (IL-1β; +3954C/T) and LBP at both the genotypic (p = 0.104) and the allelic (p = 0.098) level. However, the G allele of caspase-9 (CASP-9) and the T allele of growth differentiation factor 5 (GDF5) were more common in patients with LBP than in patients without LBP (p < 0.001).
Conclusions. The findings in a Chinese military cohort indicated that CASP-9 (−1263A/G) and GDF5 (+104T/C) polymorphisms are associated with a susceptibility to LBP related to military training. ing and contributes greatly to health care costs and disability. 4 Therefore, we hypothesized that some polymorphisms may be associated with the susceptibility to LBP in Chinese male soldiers. To help clarify the role of the polymorphisms, we performed a case-control study of the association between SNPs in IL-1β (rs1143634), CASP-9 (rs4645978), GDF5 (rs143383) and LBP related to military training in Chinese male soldiers.
Methods

Specimens
Our study was approved by the Army Medical Services Research Executive. Informed consent was received from all the individuals prior to participation. We collected blood samples from 892 Chinese male soldiers enrolled from 2007 to 2010. All subjects were Chinese Han male soldiers from three infantry regiments in the Chinese Army. Using a case-control design, all the subjects were divided into either a case group or a control group. The case group comprised 305 Chinese Han male soldiers who had a history of LBP with or without radiculopathy for more than 2 weeks and an absence from military training for at least 3 days. The control group comprised 587 Chinese Han male soldiers without a history of continuous LBP for more than 3 days and an absence from military training caused by LBP. Subjects were excluded if they were unable to meet these criteria. Fractures of the spine, malignancies involving the spine, obvious trauma, and a history of LBP prior to enlistment were exclusion criteria.
All the soldiers in this study followed the same type of diet and daily schedules in terms of training and rest hours. Each soldier performed the regular military training program for no less than 30 hours a week. Every sick leave and medical record was kept in the file for further inspection.
Genotypes
Using standard protocols, we extracted genomic DNA from peripheral blood leukocytes of each soldier. The DNA fragment containing the polymorphic se quence was am plified by polymerase chain reaction. The primers of IL-1β were designed as forward 5ʹ-ATGCTCAGGTGT CCTCCAAGA-3ʹ and reverse 5ʹ-GTCCCTGGAGGTGG AGAGC-3ʹ; the primers of CASP-9 were designed as forward 5ʹ-TGCCTGGGACTTAGCAAATG-3ʹ and reverse 5ʹ-AGATCGCAGTTGACTGTTCCA-3ʹ; and the primers of GDF5 were designed as forward 5ʹ-CAGCATTAC GCCATTCTTCC-3ʹ and reverse 5ʹ-CGCTGAATGACAC CAAAGAGA-3ʹ. The reaction was run for 35 cycles, with denaturation at 95°C for 30 seconds, annealing at 58°C for 30 seconds, and extension at 72°C for 40 seconds. All samples were sequenced using ABI 3730 DNA analyzers (Applied Biosystems).
Statistical Analysis
Measurement data are expressed as the mean ± SD. The characteristics of case group and control group were compared with chi-square tests and t-tests. A chi-square test was performed to assess Hardy-Weinberg equilibrium using Excel spreadsheet software (Microsoft). Chisquare tests were also used to determine any differences in genotype and allele frequencies between case group and control group. Odds ratios and their 95% CIs were also calculated. We calculated the FPRP for statistically significant findings using the methods described by Wacholder et al. 23 We set 0.2 as an FPRP threshold and assigned a prior probability of 0.01 to detect an odds ratio of 1.50 (or its reciprocal 0.67 for odds ratios < 1.0) for an association with each SNP. The FPRP values less than 0.2 were considered to indicate robust associations. All statistical analyses were performed with SPSS software version 19.0 for Windows. Statistical tests were 2 sided and a corrected p value of < 0.05 was considered statistically significant.
Results
No significant differences in age, height, weight, and smoking status were found between the case group and the control group ( Table 1) . The data on alleles and genotypes of IL-1β, CASP-9, and GDF5 in both groups are summarized in Table 2 , and none of the SNPs were found to deviate significantly from Hardy-Weinberg equilibrium.
The genotype frequencies and allele frequencies were compared for each SNP between the case group and control group (Table 3 ). The SNP of IL-1β (+3954C/T) demonstrated no association with LBP at either the genotypic (p = 0.104, OR 1.519, 95% CI 0.915-2.523) or allelic (p = 0.098, OR 1.516, 95% CI 0.923-2.488) level. However, we found that the G allele of CASP-9 and the T allele of GDF5 were more common in case group individuals than in control individuals (p < 0.001, OR 2.059, 95% CI 1.689-2.512 and p < 0.001, OR 2.115, 95% CI 1.662-2.692). In addition, carriers of the G allele (GG+AG) of the CASP-9 and T allele (TT+TC) of GDF5 were significantly more common in case groups than in control groups (p < 0.001, OR 0.436, 95% CI 0.314-0.604 and p = 0.0004, OR 0.309, 95% CI 0.156-0.614). Moreover, GG of CASP-9 and TT of GDF5 were also significantly associated with risk for LBP related to military training in Chinese Han male soldiers (p < 0.001, OR 3.136, 95% CI 2.237-4.397 and p < 0.001, OR 2.361, 95% CI 1.768-3.153).
The FPRP values at different prior probability levels for significant findings are shown in Table 4 . The calculation of the FPRP showed that all of the polymorphism associations remained noteworthy (FPRP ≤ 0.2) for a prior probability of 0.01, except for the association between the GDF5 CC genotype and LBP risk. This remained the same for the prior probability of 0.1 and 0.001.
Discussion
Currently, occupational LBP is the largest health problem related to work and absenteeism among workers, which typically begins at a relatively young age for males. 13 Young soldiers represent a high-risk group for LBP, one of the chief factors affecting military training. Because the military cohort has certain unique features, the environmental risk factors can be easily controlled, and this could lend more credibility to the results. Our study investigated whether some polymorphisms are associated with susceptibility to the LBP related to military training in Chinese male soldiers.
Although Solovieva et al. 20 showed that the simultaneous carriage of the IL-1βT 3954 and IL-1RNA 1812 alleles significantly enhances the risk of LBP occurrence, our results indicated that the polymorphism of IL-1β (+3954C/T) is not associated with the susceptibility to LBP in Chinese male soldiers. Although IL-1β has a number of proinflammatory properties related to the pathogenesis of LBP, our results indicated that this SNP has little effect on LBP in Chinese male soldiers. Differences in ethnic populations may be a possible explanation for the contradiction. In addition, our study focused only on young soldiers, and it is unclear whether the polymorphism of IL-1β (+3954C/T) can exert its effects on LBP across different age groups according to previous studies. The severity of LBP ranges widely, so further study of pain intensity and duration in different populations is required to elucidate the contradiction.
The results obtained in Chinese male soldiers also suggested that the individuals with GDF5 (+104T/C) polymorphism are at risk for LBP. Previous studies have found that a function of SNP in GDF5 is associated with susceptibility to osteoarthritis at different joint locations and to lumbar disc degeneration. 6, 16, 24 In the present study, the T allele as a predisposing allele was more common in the case group individuals than in the control group individuals. The polymorphism of GDF5 may have an impact on the development of bone, cartilage, and soft tissue in the low-back area through exerting allelic differences on transcriptional activity. We also found the CASP-9 (−1263A/G) polymorphism was associated with the presence of LBP related to military training in Chinese male soldiers. This result agreed with those of Guo et al. 9 and Sun et al. 21 in Chinese Han population cohorts. The CASP-9 (−1263A/G) polymorphism, located within the promoter region, plays an important role in the apoptosis pathway and is involved in apoptosis of human intervertebral disc cells. Our study indicated the G allele of the CASP-9 polymorphism may predispose individuals to LBP. Low-back pain is a complex entity of pathophysiological, biomechanical, psychological, and social factors. 20 It has recently been recognized that genetic risk factors are primarily responsible for LBP. In the present study, we investigated the relationship between 3 polymorphisms and LBP related to military training in Chinese male soldiers. However, some other polymorphisms and their interactions should be taken into consideration to further explain the role of gene polymorphisms in LBP. Because the allelic variation of one gene can alter the effect of the variation of another gene, the identification of gene-gene interactions is expected to extend the understanding of genetic risk factors for LBP. Our study has eliminated some crucial environmental factors, such as the workplace and the daily schedule in terms of training, so as to investigate the association between the genetic risk factors and LBP. However, the combination of genetic or environmental factors should not be neglected. The gene-environment interaction may account in part for the conflicting results in different ethnic populations.
Our study focused on a cohort of young soldiers with the same daily schedules and more physical activity, as opposed to a cohort composed of standard clinical population. Moreover, degenerative intervertebral disc and lifetime work experience on the lumbar spine load should be taken into consideration as factors influencing the onset of LBP in adulthood. It must be recognized that our results did not take into account these distinctions, so further studies of the 3 SNPs across different age groups are needed to help us understand more about the etiology of LBP.
Our data support the notion that the CASP-9 (−1263A/G) and GDF5 (+104T/C) are risk factors in the incidence of LBP in Chinese male soldiers. However, our findings do not support the previous findings about the association between IL-1β (+3954C/T) and lumbar disc disease. A different cohort and a different ethnic group may contribute to the results.
Conclusions
Our study demonstrated an association between polymorphisms and susceptibility to LBP related to military training in Chinese male soldiers, and therefore it would be possible to predict the risk of LBP related to military training and to aid in prevention of LBP in future epidemiological studies.
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